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Although there has been over one hundred and fifty years of work (Ehrenberg 1854; Bailey

1851). we are far from an understanding of the freshwater, recent diatom flora of the United States.

Previous efforts to catalogue the taxa occurring in the surface waters include a listing of approxi-

mately 525 taxa by Boyer (1927a, b) and illustrations of nearly 500 freshwater (and marine) taxa

by Wolle (1890). The most widely utilized flora, produced by Patrick and Reimer (1966, 1975),

included well over 800 taxa, but was incomplete on several levels. It included only araphid and nav-

iculoid forms, dealt with taxa reported up to 1960, and was not exhaustive in its treatment of forms

reported up to that time. Regional floras and summaries include the Laurentian Great Lakes by

Stoermer and Kreis (1978) and Stoermer et al. (2000) (with over 2100 entries), Ohio (Collins and

Kahnsky 1977. approximately 900 taxa), Montana (Prescott and Dillard 1979, with over 540 taxa),

Kentucky (Cambum 1982, with just over 500 taxa), Illinois (Dodd 1987, with about 425 taxa), and

Nebraska (Elmore 1922, with 234 taxa). Summaries from river systems include the work of Hohn

and Hellerman (1963, who enumerated just over 475 taxa) and Patrick (1961, with 280 taxa), while

Cambumet al. (1984-1986) and Camburn and Charles (2000) documented over 450 taxa from acid

lakes in the eastern U.S. There are a large number of individual floristic works for individual sys-

tems or specific areas, such as Rushforth and Squires (1985) who reported jj^ _._ ..m taxa from

Utah Lake and Kingston et al. (1983) who found 425 taxa from Grand Traverse Bay, Lake

Michigan. Because many of these reports for individual localities were generated by ecologists who

did not have a taxonomic perspective, it could be argued that the numbers of taxa would actually

be more than those detailed in these reports.

Recently, discussions in a number of forums, including Diatom-L, have called for a compre-

hensive flora of Recent freshwater diatoms of the United States. This call has been especially strong

from ecologists, many of whom are engaged in national, state, or local water quality monitoring

programs that specify diatoms be used in estimating water quality. These programs are not current-

ly supported by a comprehensive English-language flora (let alone one based on the flora of the

country), and the disparate (and growing) literature in the field is becoming inaccessible to many

of these workers. The call by ecologists for a flora in support of their work is refreshing, since a

large number of previous and current studies lacked such a basic, but important tool. This goes back

to major studies on U.S. rivers undertaken in the late 1950s through the early 1970s, (Williams and

Scott 1962) as well as programs focused on lakes, for example the U.S. Environmental Protection

Agency's country wide survey of lake phytoplankton in the 1970s (U.S. EPA 1975) and the EMAP
program initiated in 1980s (e.g., Paulsen and Linthurst 1994; Dixit and Smol 1994) and the current

U.S. Geological Survey's NAWQAprogram focused on rivers (Porter et al. 1993). Not only have

these projects been carried out without a flora, but until the publication on the freshwater algae of
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North America (Wehr and Sheath 2003), even the most recent key to genera in English dated from

the late 1950s to the early 1980s (Patrick 1959; Vinyard 1979; Barber and Haworth 1981) and

reflected the taxonomic approach of those times.

A flora, of course, not only supports applied research projects such as water quality monitor-

ing, but a wide range of basic research questions are implicit in and supported by a flora, including

taxonomic revisions and monographs, phylogeny reconstruction, biogeographic studies, as well as

ecological, physiological, restoration and conservation biology research programs (Kociolek and

Stoermer 2001). The linkage between the floras of central Europe (Krammer and Lange-Bertalot

1986, 1988, 1991a, b) and NewCaledonia (Moser et al. 1998) and revisions of the genera Cymbella

(Krammer 1997a, b, 2003), Pinnularia (Krammer 1992, 2000), Navicula (Lange-Bertalot 2001),

Gomphonema(Reichardt 1995, 1999; Reichardt and Lange-Bertalot 1991), Brachysira, and Nupela

(Lange-Bertalot and Moser 1994) is clear.

The Challenge of a Flora for the United States

Lack of a flora for the United States is probably due less to the tremendous flux in taxonomy,

proliferation of taxonomic literature, or the fact that we are still in a discovery phase for the descrip-

tion of diatoms (Fourtanier and Kociolek 1999), but, rather, a number of other basic, practical con-

siderations. These considerations include:

Size of the country: The continental United States is approximately 9.8 million square kilo-

meters, with the 48 contiguous states stretching a distance equivalent West to East from Portugal to

the Ukraine, and North to South from the United Kingdom to North Africa (2005, Times Atlas of

the World).

Diversity of habitats: Habitats range from subtropical to boreal, three marine coasts to

numerous, substantial mountain ranges and major river systems of the Mississippi, Missouri,

Columbia, Colorado and Potamac rivers. Potapova and Charles (2003) have discussed the variables

effecting the distribution of riverine diatoms across the U.S., and noted that environment, geogra-

phy and altitude factors help account for the biogeographic distributions of diatoms. Because many
of the evaluations have been generated by goal-oriented ecological studies, many times diverse

habitats have not been sampled. An example of such an ecosystem might be deep-living communi-

ties in lakes (Stoermer 1981).

Still relatively unexplored: The size and diversity of habitats have contributed to the sit-

uation in that the country is relatively unexplored from a phycological perspective, and from the

perspective of a diatomist. In addition to the 3 attempts to synthesize knowledge about the diatom

flora of the United States (Boyer 1927a, b; Wolle 1890; Patrick and Reimer 1966, 1975), there have

been regional floras and summaries (Kociolek and Spaulding 2003; see above). While the physical

sample resources are probably already in place to undertake a flora (housed primarily at the

Academy of Natural Sciences of Philadelphia, California Academy of Sciences, and the Botany

Department of the Smithsonian Institution), most have not been "explored" to any great degree.

There are still relatively few samples, however, from major parts of the country (see below).

Number of people to do the work: The number of formally trained freshwater diatom tax-

onomists in the United States is modest, relative to the size of the country. Though training pro-

grams at universities have existed for an extended period, both in terms of specialized summer

courses and short-term training sessions as well as Master's and Doctoral, programs, there are prob-

ably fewer of these today than even when I began my career in the early 1980s. In fact, we have

seen only a single generation of expertise become resident at an institution; continuity has been lost

after the founding professor/lab has been dismantled. A lack of continuity and sustainability of tax-
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onomists and curators in universities and museums can also be argued, as long-term commitment

has been replaced by short-term projects. Short-term projects may result in the deposition of slides

into collections: however, systematic treatments and description of taxa new to science are rare or

lacking. Overall, the intellectual infrastructure is diminishing, as the focus in many institutions of

higher learning tends towards a more reductionist perspective. Kociolek and Stoermer (2001) dis-

cuss this issue and the continuing need to include a broader community of taxonomists, many

trained outside the U.S. university system, to apply expertise in the identification of diatoms. This

expertise will have to include people whose main interest has not been taxonomy, but who use tax-

onomy to help answer questions related to ecology, climatology and geology.

Tools to Carry Out a Modern Flora

A modern flora is both a synthesis of existing data and discovery of new information, whether

it results in descriptions of new species, new records, and/or new information on the distribution

(expanded or more narrowly circumscribed than previously thought) of taxa. A basic approach is to

understand first what has been reported previously, and confirm (or refute) the presence those taxa.

Such a synthesis requires some basic tools. These tools include:

Checklist: This is a complete listing of taxa reported from an area (in the context of this dis-

cussion, the 48 contiguous United States). Such a checklist does not currently exist. Stoermer and

Kreis (1978) and Stoermer et al. (2002) have generated such a list for the Laurentian Great Lakes,

and as indicated above, such lists have been generated for a few parts of the country. An effort is

now underway to compile this list, reviewing the hundreds of reports of diatoms from the published

literature. The list currently contains over 4500 names. This is not "THE Final Definitive" list of

taxa. however: it will be reduced and also receive additions as it is applied in floristic research. This

Ust. for example, contains synonyms of two sorts. The first kind of synonym in such a list will be

names based on a single type (a nomenclatural synonym). For example, Achnanthes lanceolata

(Brebisson) Grunow and Planothidiiim lauceolatum (Brebisson) Round & Bukht. would both be

included in such a list, but the two names refer to a single entity, based on a type initially described

by Brebisson. The second kind of synonym that would occur in a checklist of this kind is one where

two (or more) taxa described from different types are considered a single entity (a taxonomic syn-

onym). An example of this sort would be whether Cymbella diluviana (Krasske) Florin and C.

couleensis Sovereign are the same (Patrick and Reimer 1975) or different (Sovereign 1963) species.

Evaluation of these situations can be resolved by monographic or revisionary studies. The initial list

of 4400+ names based on the published literature will certainly be reduced, due to synonymy, but

also greatly expanded by additions.

Nomenclature: One way to track the nomenclatural synonymies is with a database of names.

The California Academy of Sciences is undertaking this mammotheffort and has developed a data-

base of over 55,000 entries. The database includes the names included in all of the previously pub-

Hshed catalogues (Habirshaw 1877: Chase 1885, 1907; Peragallo 1897-1903; Mills 1933-1935;

Van Landingham 1967-1979), entries from two institutional card files (A^<?vv Species File from

ANSPand the Index Nominum Algarum, University of California, Berkeley) and additional entries

from the primary literature. Discrepancies with respect to the information from these sources are

tracked in the database (name, author, place, date and specifics of publication) and are being recti-

fied by reviewing the original publications. This database has been demonstrated at a number of

national (North American Diatom Symposium) and international (International Diatom

Symposium) meetings. Publication of this work is expected to commence in 2006; it is expected

ultimately to consist of 4-6 volumes.
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Access to types: For comparison and verification of taxon identities, it is preferable in floris-

tic work to be able to access the type(s) of the taxa under consideration. This was the approach taken

by Patrick and Reimer in their floristic work, and it continues to provide great added value to that

work and subsequent works. Several publications can facilitate identifying the location of types of

diatom taxa from freshwater environments, including those of Mahoney and Reimer (1997),

Kociolek et al. (1999), Lange-Bertalot et al. (1996 on the collection of Krasske), Krammer (Cym-

bella 1997a, b. 2002: Pinmilaria 1992, 2000). Williams (Diatoma 1985) and the excellent work by

Simonsen (1987) on the collection of Friedrich Hustedt. From the preliminary list of 4400+ names

in the checklist being developed, about 50% of the names are associated with types that can be

traced to a specific institution and material (sample and/or slide). When the names attributed to

Agardh. Bailey. Cholnoky, Ehrenberg, Gregory, Grunow, Kiitzing, Rabenhorst, W. Smith, and Van

Heurck are included (since we know the institutions those collections are housed, though specific

samples may not have been identified as the types for each taxon), the percentage of types accessi-

ble rises to nearly 85%. This suggests access to types for comparison could be accomplished for

many of the names on the checklist and this critical tool could be in place to support a flora proj-

ect. In fact, development of a research tool that indicates the range of morphological expression of

the types would be one of the first steps in undertaking the flora for the U.S.

Samples: Access to samples for floristic work is important for a number of reasons.

Verification of taxa reported in the literature many times requires access to material, that is the sam-

ples or slides used by the author who described the flora. Extant samples also allow those involved

in the production of the flora to assess the areas under study that require additional sampling. Many
workers in the U.S. have excelled in ensuring their collections are accessible in some fashion. A
tragedy has been that the samples from several major national water quality monitoring/estimation

efforts were not retained, thereby negating any way to leverage those samples for future research,

including development of a flora, later comparative work, etc. The role museums play in storing,

caring for and making accessible these important scientific research resources is hugely important.

Collections of Patrick, Reimer. Boyer. Theriot. and many types of freshwater diatoms described

from the United States and elsewhere are housed at ANSP, while the collections of Kociolek,

Stoermer. Van Landingham. Elmore, Rushforth, Sovereign and G.W. Prescott are housed at CAS.

Nearly 90% of the types for which we can identify a slide are housed at either ANSPor CAS (Table

1). Samples from the NAWQAproject are housed at both institutions. The Botany Department of

the Smithsonian Institution houses about 15.000 slides from one of EPA's water quality monitoring

projects. It includes most of the major river systems in the continental U.S., which were sampled

monthly over a period of time. In some cases the period of sampling was only for 2 years, but oth-

ers the sampling period was continuous for a decade or more. While the collection resources cur-

rently available are impressive, and could support in large part an effort to document the freshwa-

ter diatom flora of the United States, it seems clear that some parts of the country are not well rep-

resented in these collections. These areas include, but are not limited to. the Rocky Mountains, the

SieiTa Ne\'ada Mountains, the Deep South, southern Plains states, southern California, and the

southwestern U.S.

Prelimin.'XRY List of Diatoms Described from U.S. Freshwaters

One approach to establishing the flora of the U.S. would be to document those taxa that have

been described as new from U.S. localities; a preliminary list of these taxa is presented in Table 1.

Nearly 600 taxa have been described as new from freshwater environments in the continental

United States. Genera with the most taxa described from the U.S. include Navicula (148 taxa).
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Pinmilorio (66 taxa). Gomphonema(39 taxa), Cymbella (31 taxa), and Eunotia (31 taxa), Nitzschia

(27 taxa), Achnanthes (24 taxa) and Neidiiim (23 taxa). There are several genera in which a single

taxon has been described, including Adlafia, Diploneis, Tetracycliis, Cymatopleura, Cyclo-

stephanos. Mastogloia. Peroiiia. and Pleurosigma; many of these genera are better represented in

the brackish or marine environments, or part of relatively small genera.

It is somewhat surprising that the genera Cyclotella and Stephanodiscus have so few new taxa

described from the U.S. Likewise, the number of species described from U.S. in the nitzschioid and

surirelloid genera is remarkably low. In fact, there are almost as many new taxa of Neidium (23

taxa), a genus of relatively restricted ecological distribution, described from the U.S. as there are

taxa of the more eurytolerant (at the level of genus) Nitzschia (24 taxa). These discrepancies must

be attributable to the lack of monographs on these genera. Genera that are only known in the U.S.

flora include Playaensis Spaulding & Kociolek, Sarcophagodes Morales and Pseudostauwsiropsis.

Absence of reports from other areas may be due to their relatively recent discovery.

In terms of geography, the areas supporting the most new taxa are Oregon (83 taxa),

Pennsylvania (52 taxa), Florida (51 taxa). South Carolina (49 taxa) and the state of Washington (36

taxa). While Oregon and Washington, as well as Florida might be seen as unique areas, somewhat

surprising is the relatively large number of taxa described from the eastern coastal plain. Of course,

these areas have received the greatest amount of attention from diatomists, especially South

Carolina, and the Savannah River, which have been monitored heavily due to the presence of a

nuclear power plant. The bottom line is areas that receive any detailed attention have been found to

bear new taxa. and this is emphasized by the work on the Laurentian Great Lakes, Iowa, and the

east coast of the U.S. also showing many taxa being described from those areas. Lack of new taxa

from many parts of the U.S. is due probably more to lack of attention than lack of interesting

species. It is still the situation that some of the lists developed by Ehrenberg (1854) for parts of the

Deep South are in fact the only published information on freshwater recent diatoms from the area.

Table 1 also reminds us how many taxon names we do not see referenced in the current litera-

ture. While most taxonomists know of the works of Patrick and Reimer, it may be surprising that

more species have been described from the continental United States by the late Matthew Hohn (72

taxa) than either Ruth Patrick (47 taxa) or Charles Reimer (40 taxa), yet few of the taxa authored

b> Hohn are noted in the U.S. flora. Likewise, species such as Cocconeis patrickae Reimer and

Navicida daileyi Reimer. both known from Indiana, are rarely reported. This lack of reporting of

these names is due to the fact that the work of Hohn and these names of Reimer were not included

in the flora of Patrick and Reimer (1966, 1975). Descriptions of new taxa in the primary literature

do not readily, if at all, get into the parlance of practicing taxonomists. Thus, the need for a new

U.S. flora is underscored to summarize and make more accessible the vast data on the diatom flora

of freshwaters in the U.S., especially that information in the primary literature that has accumulat-

ed for more than 40 years since Patrick and Reimer reviewed and incorporated the primary litera-

ture into a flora.

Conclusions

Although we have come a long way in our studies of the diatom flora of the U.S., we are far

from achieving a complete understanding. The obstacles to gaining a fuller understanding are dif-

ficult, and the time, people, and financial resources to gain such knowledge are daunting. I must

say, however, that the development of a U.S. flora will be modest in cost relative to the utility of

the work and the amount being spent on projects that are operating without such a basic tool.

In addition to the taxonomic infrastructure that is being put into place that could be used to

great benefit in the development of a U.S. freshwater diatom flora, there are also some advances in
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other research tools that could facilitate a project of this scope. One example can be found dealing

with the freshwater diatoms of south Florida {http://serc.fhi.edu/periphyton). These tools should

include mature structures of complex databases that support the organization and sharing of infor-

mation both internally and with collaborators across the country and the world. These are already

used by ANSPand CAS to organize the material, slides and identifications for internal use, and for

searching by external users, but also facilitate input from individuals outside the institutions (see

the system in place at ANSPat http://w\vw.diatom. acnatsci.org/AIgaeImage).

Perhaps one of the greatest leaps in the development of species descriptions, monographs, tax-

onomic revisions and floras in the last 20 years has been documentation of variability within a

taxon. This has been done by incorporating many micrographs into the work (examples include

Kociolek and Stoermer 1988. Krammer and Lange-Bertalot 1986-1991; Krammer 2003). This

approach has been facilitated in more recent times by the development of digital imaging, where

publication-quality images can be received directly from microscope to computer, without the time-

consuming process of artists drawing the specimen or the processing of film and printing of prints.

In the development of a modern flora, this is by far one of the best timesaving devices.

No one laboratory, probably no one institution, can alone do this work within a reasonable time

frame. Such a task will require a team of taxonomic experts. It will involve accessing materials

from numerous herbaria, and a complicated management plan so that the large task of evaluating

and synthesizing past work can happen, but also allowing time for a "discovery" effort to occur.

A modern flora will of necessity be a flexible and up-datable system (for a similar view, see

Wheeler et al. 2004) that is distributed, such that it can support a team of collaborators and be

applied by an international body of users. A flora then is an information system, in this case for the

freshwater diatoms of the U.S. It requires a well thought-out framework for information capture and

management (i.e. database), which supports potentially a wide range of users. Though such an

approach can require time to develop and populate with data, it can result in reproducible results

(because data are tied to specimens that can be reviewed by future workers), and allow the basic

information to be leveraged across a variety of fields for research and educational uses. It seems to

me that we can build on the great body of work that has been accomplished over the last 150 years,

including the floras that have been developed previously. With the legacy of previous workers

whose collections ha\ e been maintained and are accessible for study by current (and future) gener-

ations, and the near completion of important research tools, we are well positioned to commence

immediately and realize this important work.
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